The organization of the cortex can be understood as a complex system comprised of interconnected modules called minicolumns. Comparative anatomical studies suggest that evolution has prompted a scale free world network of connectivity within the white matter while simultaneously increasing the complexity of minicolumnar composition. It is this author's opinion that this complex system is poised to collapse under the weight of environmental exigencies. Some mental disorders may be the manifestations of this collapse.
introduction "We can deduce a basic premise, that an understanding of nervous function requires identifying the elementary units at different levels of organization and understanding the relations between the different levels" [1, p. 4-5].
There is a long standing reductionist approach to neuroscience that promotes the understanding of systems by dismantling and examining their most minute elements.
Nicolaus Steno, a mid-17 th century anatomist and geologist, once said: "There are two ways only to know a machine: one is that the master who made it should show us its artifice; the other is to dismantle it and examine its most minute parts separately and as a combined unit" [2, p. 1] . The field of complexity theory challenges this approach [3] and sees higher cognitive properties as emergent phenomena arising from the aggregate behaviors of hierarchically arranged modules. Orderliness in life occurs within a hierarchy of structural levels that exhibit uniformity across scales (different sizes). Within this hierarchy, the properties at one level are not completely predicted by those at other levels of organization.
Reductionist interpretations are the constraints of disciplinary boundaries. They argue that we can get Humpty-Dumpty back by gluing its pieces together. According to Denis Noble, the reductionist approach "…is about the naming and behavior of the parts.
We reduce each whole to its component parts and define them exhaustively" [4, pp. x-xi].
By way of contrast, systems theory (Greek σύστημα, from αύν "together" and ίσταναι "to set up") exhibits no boundaries. This assertion is based on the observation, reminiscent of gestalt theory, that within a defined system the whole is greater than the sum of its parts.
In effect, there is a sensitive dependence on the initial conditions of a dynamic system wherein tiny perturbations lead to major changes of the In this regard the author has argued that all emergent properties of the cerebral cortex are geared towards the single aim of increasing our sociability [6] . The survival of hominids has depended on group cohesion. This has made group cohesion (i.e., socialization) the main target for evolutionary selective forces.
2.trade-offs
The life history of cells can be described in terms of growth, maintenance, reproduction (mitosis), and the acquisition of resources. Life histories can vary dramatically among cells.
types of neurons exist within the brain, each varying from one another in terms of shape, size, location, and neurotransmission [10] .
Exceptions to general principles abound for neurons. The axons of some neuronal cell types bear receptive surfaces, occasional dendrites generate an action potential, and some neurons fail to obey Ramón y Cajal's law of dynamic polarization, which states that nervous impulses are received at the dendrites and transmitted via the axon [11] .
As a matter of fact, many neurons throughout the animal kingdom lack axons while many others release neurotransmitter-like substances from non-synaptic areas [12] . It has therefore been argued that the plurality of neuronal types, both in terms of anatomy and physiology, argues against their designation as an "individual" element of the brain, i.e. an element representative of the organ's functions [10] . This stands in contrast to, for example, the liver, where hepatocytes tend to be identical regardless of location.
According to Shepherd 
Modules
According to Serb and Oakley, "Modules are the distinct processes or units that act cooperatively in an organism, but have a degree of dissociability due to their internal integration.
These modules are spatiotemporally bounded with discrete origins, histories, and deaths through evolutionary time and can be treated as individuals" [15, p. 1159] . In the neocortex the smallest information processing module is the minicolumn [16] . In a concrete way synapses, and GABAergic interneurons [23] .
The apposition of these cells early during development provides for transitory gap junctions and the possibility of Hebbian learning [24, 25] .The resultant string of pyramidal cells
and their connections establishes a canonical circuit [26, 27] that is repeated throughout the neocortex of all mammalian species thus far examined [28] . Recordings are hindered by the fact that the cortex is folded; however, an approximation of the true waveform is made based on averaging the orientation of individual dipoles, i.e., the equivalent current dipole (ECD) [33] .
information Processing
The modular concept of cortical architecture appears to be founded on a rationalist view that insists that reason apart from experience can be a source of knowledge. In this regard, believe that information processing is the same respective of cortical area [34] . This may help explain why emotional information, rather than personal information, processed by the cortex originates from extra-neocortical sites within the limbic system. Even more so, it may help understand synaptic development in terms of game theory with a Hebbian strategy rather than simple gradient detection [35] .
Information is transferred through different
hierarchical levels of the cortex so that it is acted upon. Otherwise, there would be no intrinsic value on information. Pierre Bourdieu, the late French sociologist, used to say, "What goes without saying comes without saying" [36] . To transfer information is to indebt a center for an answer. Connectivity, in terms of feedback, therefore establishes the dynamics of the cortex. Negative feedback provides for system stability and positive feedback for amplification and possible instability [3] . When a system lacks the modulating influence of feedback, a cascading effect ensues whose growth (hardwired connections) is similar to cancer.
neurons vs. Minicolumns
Assumptions regarding the existence of the minicolumn are base on the principle of continuity or congruity; that is, that the pyramidal cell arrays that we see in specimens under the microscope developed from a primordial (ontogenetic) structure [37] and that this structure has been conserved across many species [26] . As previously asserted this makes The minicolumn could not have been the first or elementary unit of information processing within the brain; it was the neuron.
As minicolumns formed, they were so much more effective at information processing that they took over the primordial role.
In terms of cortical circuitry, simplicity should have preceded complexity. Simplicity is based Recent studies suggest that neocortical columnarity emerges during evolution from constraints in axonal connectivity imposed by the granular and supragranular layers [50] .
the Primordial Cortical Circuit
Afferent allocortical projections enter the dorsal telencephalon through the superficial marginal zone [51] . These axonal projections are guided by the presence of target cells within the preplate [52] . Projections through the marginal zone are therefore tangential to the apical dendritic bundles of cortical plate neurons which constitute the main receptive fields for these neurons. In the neocortex, afferents are guided by cells in its subplate from where they ascend in a vertical fashion into the cortex [53] .
These subplate cells have transient connections
to layer IV. After reaching layer IV a "stop" signal allows axons to sprout at this level while simultaneously being repelled from adjacent layers [50, 54] . This mechanism may underlie the layer specificity of cortical thalamic innervations [55] and the anatomical basis of macrocolumns [16] . This interdependence is readily seen in layer IV barrels or macrocolumns which hold a one to one correspondence with a facial whisker and barreloids in the thalamus [56] .
the Primordial Cortex
Stephan and Andy [57] used hedgehogs and other insectivores as brain models for the initial stage of primate evolution. These animals have a recognizable prefrontal cortex as shown by projections to the area stemming from the dorsomedial thalamic nucleus [58, 59] . However, extant species, regardless of their size, are likely to have both ancestral (plesiomorphic) and more recent (apomorphic) specializations.
Data from the fossil record indicates that early mammals had small brains and that significant percentage of their forebrains was devoted to the olfactory cortex and bulb [60] . Their cortex was probably parcellated into a couple of dozen areas. Function of these areas may have depended more on connectivity (afferent and efferent) rather than on marked differences in architectural patterns [61] .
The basic plan in amniotes required a medial, dorsal, and lateral cortex at the external aspect of the ventricle [62] . The cortex was lissencephalic and the two hemispheres were separated caudally so that the superior colliculi was exposed dorsally [63] . Bigger brains had to increase the total number of cells generated in the ventricular zone and utilize migrational cues that would prove effective over long distances, e.g. Filamin-1, Lis1, and Doublecortin [64, 65] . Furthermore an important event was the acquisition of a Reelin-dependent inside-out allocation of cortical cells [66] . 
Corticalization
It has been hypothesized that corticalization is the result of added germinal cell divisions providing for supernumerary minicolumns [76] . This appears to be the case regardless It is therefore unsurprising that provoked hyperplasia of germinal cells at defined time points during gestation provides for longterm repercussions on emerging cognitive and motor behaviors (see above) [82] .
The overall increase in brain size, observed during corticalization, is manifested by a bias in the gray/white matter ratio. The increased number of minicolumns provides for additional pyramidal cells and a scaled increase in projections traversing the white matter [84, 85] . Metabolic and conduction constraints limit the range of these supernumerary fibers resulting in an increased number of U-fibers or arcuate projections while reducing the total number of longer corticocortical connections [85] . Studies in comparative anatomy indicate that despite a faster increase in the volume of the white matter (as compared to gray matter) during corticalization, the cross sectional area of the corpus callosum falls behind overall brain size [86, 87] . This means that evolution has proceeded by varying the numbers of minicolumns and finely tweaking the balance of short and long corticocortical connections [88] . It has been postulated that changes in the ratio of short to long corticocortical connections may provide for different cognitive styles [88] .
There is limited variability in terms of neuronal and dendritic arbor size as compared to brain size across species [61] . As the cortex is broadened and that this change correlates with the size of the corpus callosum [102] .
In essence, dyslexic patients exhibit a bias in connectivity favoring longer corticocortical connections at the expense of shorter ones [88] . [114] , originating in either subiculum and/or entorhinal cortex [113] . Pathology then spreads in a step-wise fashion following the origin and termination of corticocortical connections. Thus far, a rostral spread seems most likely, an orthograde or caudal distribution (entorhinal cortex → parahippocampus) has not been proven [113] .
Individual differences explain little of the total variance: duration of illness is the most important variable [114] .
Propagation of neurofibrillary tangles
occurs in small clusters that register across the supragranular and infragranular layers [111] . Several authors have suggested that the resultant arrangement of affected neurons provides for a minicolumnopathy wherein corticopetal neurons are selectively affected [115, 116] . In essence, neurofibrillary tangles target the locus minoris resistentiae of the minicolumn, primarily its efferent component. 
Conclusion

